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THEREOF 
(57) [Abstract] 

[Problem to be solved] To solve a defective display whose cause is a remaining bubble in a 
liquid crystal layer inside a liquid crystal display device. 

[Solution] A liquid crystal display device having a liquid crystal layer between a pair of 
substrates comprises a structure in which sealing agent surrounding a display region is 
disposed, openings in four comers of the region surrounded by this sealing agent is provided, 
and in addition, sealant for sealing these openings are provided. Liquid crystal is dropped at 
a spot of the display region of one substrate, the other substrate is superposed thereon, leaked 
liquid crystal from the openings is wiped off, and the openings can be sealed by sealant, by 
this structure. 
[Scope of Claim] 

[Claim 1] A liquid crystal display device having: 
a pair of substrates; 

a group of electrodes formed in at least one of the pair of substrates; 
alignment films formed over each of the pair of substrates; and 
a liquid crystal layer interposed between the pair of substrates, 
comprising: 

a sealing agent surrounding a display region formed by the group of electrodes over 
the one of the substrates; 

openings disposed in four comers of the region surrounded by the sealing agent; and 

sealant for sealing each of the openings. 
[Claim 2] A liquid crystal display device according to Claim 1, wherein liquid crystal 
alignment of the liquid crystal layer is homogeneous alignment; and wherein a direction of the 
liquid crystal alignment is unparallel to a minor axis and a major axis of the substrate. 
[Claim 3] A liquid crystal display device according to Claim 2, wherein as for the openings, a 
width of a pair of diagonally opposing openings along the direction of the liquid crystal 
alignment is different from a width of another pair of openings. 

[Claim 4] A liquid crystal display device according to Claim 2, wherein as for the openings, a 
width of a pair of diagonally opposing openings along the direction of the liquid crystal 
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alignment is narrower than a width of another pair of openings. 
[Claim 5] A liquid crystal display device having: 
a pair of substrates; 

a group of electrodes formed in at least one of the pair of substrates; 
alignment films formed over the pair of substrates; 
a liquid crystal layer interposed between the pair of substrates; and 
a sealing agent surrounding a display region formed over one of the pair of substrates, 
wherein a direction of the liquid crystal alignment is unparallel to a minor axis and a 
major axis of the substrate, and 
comprising: 

a pair of openings disposed only in diagonally two corners in a direction 
perpendicular to the direction of the liquid crystal alignment among four corners in the display 
region; and 

sealant for sealing each of the openings. 
[Claim 6] A liquid crystal display device according to Claim 1, wherein a direction of a liquid 
crystal alignment is homogeneous; and wherein the direction of the liquid crystal alignment is 
parallel to a minor axis or a major axis of the substrate. 

[Claim 7] A liquid crystal display device according to Claim 6, wherein each of the openings 
in each of the region is equal in size. 
[Claim 8] A liquid crystal display device having: 
a pair of substrates; 

a group of electrodes formed in at least one of the pair of substrates; 
alignment films formed over the pair of substrates; 
a liquid crystal layer interposed between the pair of substrates; 
a sealing agent surrounding a display region; and 
openings disposed in the region surrounded by the sealing agent, 
wherein a direction of a liquid crystal alignment is homogeneous, and 
wherein the direction of the liquid crystal alignment is parallel to a minor axis or a 
major axis of the substrate, and 
comprising: 
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an opening formed at the center of one side perpendicular to the direction of the liquid 
crystal alignment in the region; 

openings disposed at opposite ends of another side thereof; and 

sealant for sealing each of the openings. 
[Claim 9] A liquid crystal display device according to any one of Claims 1 to 8, wherein each 
of the alignment films is a photo-alignment film. 

[Claim 10] A liquid crystal display device according to Claim 9, wherein the photo-alignment 
film is comprised of polyimide including benzophenone radical or polyamic acid. 
[Claim 11] A liquid crystal display device according to any one of Claims 1 to 8, further 
comprising a frame-shaped spacer disposed in a display region side of the sealing agent; and 

an opening disposed in accordance with the opening in the frame-shaped spacer 
formed over an applied pattern of the sealing agent. 
[Claim 12] A liquid crystal display device comprising: 

a pair of substrates; 

a group of electrodes formed in at least one of the pair of substrates; 

alignment films formed over the pair of substrates; 

a liquid crystal layer interposed between the pair of substrates; 

a sealing agent surrounding a display region formed by the group of electrodes over 
one of the substrates; 

a wall-shaped spacer for dividing the display region into two or more regions; 

openings disposed in all of four corners of each region surrounded by the sealing 
agent and the wall-shaped spacer; and 

sealant for sealing each of the openings. 
[Claim 13] A liquid crystal display device according to Claim 12, wherein the wall-shaped 
spacer comes through the region surrounded by the sealing agent. 

[Claim 14] A liquid crystal display device according to Claim 12 or 13, wherein liquid 
crystal alignment is homogeneous alignment; and wherein a direction of the liquid crystal 
alignment is unparallel to a minor axis and a major axis of the substrate. 

[Claim 15] A liquid crystal display device according to Claim 14, wherein a width of a pair of 
diagonally opposing openings almost along the direction of the liquid crystal alignment is 
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narrower than a width of another pair of openings. 
[Claim 16] A liquid crystal display device having: 
a pair of substrates; 

a group of electrodes formed in at least one of the pair of substrates; 
alignment films formed over the pair of substrates; 
a liquid crystal layer interposed between the pair of substrates; and 
a sealing agent surrounding a display region formed by the group of electrodes over 
one of the substrates, and 
comprising: 

a wall-shaped spacer for dividing the display region into two or more regions, 
wherein liquid crystal alignment of the liquid crystal layer is homogeneous alignment; 

and 

wherein a direction of the liquid crystal alignment is unparallel to a minor axis and a 
major axis of the substrate, and 
comprising: 

a pair of openings disposed only in diagonally two corners in a direction 
perpendicular to the direction of the liquid crystal alignment in the region surrounded by the 
sealing agent and the wall-shaped spacer; and 

sealant for sealing each of the openings. 
[Claim 17] A liquid crystal display device according to Claim 16, wherein the wall-shaped 
spacer comes through the region surrounded by the sealing agent. 

[Claim 18] A liquid crystal display device according to Claim 12 or 13, wherein liquid crystal 
alignment is homogeneous alignment; and wherein a direction of the liquid crystal alignment 
is parallel to a minor axis or a major axis of the substrate. 

[Claim 19] A liquid crystal display device according to Claim 18, wherein all of the openings 
are equal in size. 

[Claim 20] A liquid crystal display device having: 

a pair of substrates at least one of which is transparent; 

a group of electrodes formed in at least one of the pair of substrates; 

alignment films formed over the pair of substrates; 
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a liquid crystal layer interposed between the pair of substrates; and 
a sealing agent surrounding a display region which is formed by the group of 
electrodes over the one of substrates, 
comprising: 

a wall-shaped spacer for dividing the display region into two or more regions, 
wherein liquid crystal alignment is homogeneous alignment; and 
wherein a direction of the liquid crystal alignment is parallel to a minor axis and a 
major axis of the substrate, 
comprising: 

an opening formed at the center of one side perpendicular to the direction of the liquid 
crystal alignment and openings disposed at the opposite ends of another side thereof, in the 
region surrounded by the sealing agent and the wall-shaped spacer; and 

sealant for sealing each of the openings. 
[Claim 21] A liquid crystal display device according to Claim 20, wherein the wall-shaped 
spacer comes through the region surrounded by the sealing agent. 

[Claim 22] A liquid crystal display device according to any one of Claims 1 to 21, further 
comprising a columnar spacer arranged on a black-matrix. 

[Claim 23] A liquid crystal display device according to any one of Claims 12 to 21, wherein 
each of the alignment films is a photo-alignment film. 

[Claim 24] A liquid crystal display device according to Claim 23, wherein the 
photo-alignment film is comprised of polyimide including benzophenone radical or polyamic 
acid. 

[Claim 25] A liquid crystal display device according to any one of Claims 12 to 21, wherein 

the wall-shaped spacer to be a second spacer is formed into a mountain shape. 

[Claim 26] A liquid crystal display device according to any one of Claims 1 to 21, further 

comprising a frame-shaped spacer disposed so as to surround inside of the sealing agent and 

whole display region; and an opening disposed in accordance with the opening in the 

frame-shaped spacer formed over an applied pattern of the sealing agent 

[Detailed Description of the Invention] 

[0001] 
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[Technical Field to which the Invention pertains] The present invention relates to a liquid 
crystal display device and a manufacturing method thereof, especially in which time for a 
liquid crystal encapsulation process is shortened and remaining bubbles are decreased. 
[0002] 

[Description of the Related Art] A scheme of the conventional liquid crystal display device is 
illustrated in FIG. 15. 

[0003] This liquid crystal display device has a structure in which liquid crystal 3 is interposed 
between two pieces of glass substrates 1 and 2 disposed with a predetermined space. An 
alignment process is carried out over the surfaces of the two pieces of glass substrates 1 and 2 
interposing a liquid crystal layer so that liquid crystal molecules are oriented to one direction. 
This alignment process is carried out by a method (rubbing method) for nibbing the surfaces 
of the alignment films with a cloth or the like after alignment films 6 such as polyimide is 
applied over the glass substrates 1 and 2 and burned. A sphere (hereinafter, referred to as 
"spacer bead") regarded as a bead such as silica or polymer is ordinarily used between the two 
pieces of glass substrates for adjusting a thickness of the liquid crystal layer to a constant, and 
is randomly dispersed in a display region over the glass substrate processed for alignment. 
These two pieces of glass substrates are superposed each other, the substrates periphery 
thereof is glued and fixed with a sealing agent 9, and then the liquid crystal 3 is encapsulated 
between the substrates, so that a liquid crystal display device is manufactured. 
[0004] Note that there is an ingenuity such that the spacer bead 4 is mixed into the sealing 
agent 9 of the substrates periphery for holding the thickness of the liquid crystal layer with 
high accuracy. 

[0005] As a method for injecting liquid crystal into a liquid crystal display device, a vacuum 
encapsulation method is used in general. 

[0006] The vacuum encapsulation method is a method where liquid crystal is injected into a 
liquid crystal display device by using differential pressure from outside pressure, by 
depressurizing the inside of the liquid crystal display device. A contour is described with 
reference to FIG. 16. First, a liquid crystal display cell 13 with an inlet 12 and a liquid 
crystal plate 14 including liquid crystal 3 are put in a chamber 11, and a vacuum is drawn 
inside the chamber 11. The interior of the chamber 11 and the inside of the liquid crystal 
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display cell 13 become vacuum, and then the interior of the chamber 11 is returned to 
atmospheric pressure gradually with touching the inlet 12 to the liquid crystal plate 14 in the 
above state. At this time, difference in atmospheric pressure is generated between the inside 
of the liquid crystal display cell 13 and the interior of the chamber, and therefore, the liquid 
crystal 3 is spread into the inside of the liquid crystal display cell 13. The inlet is sealed with 
sealant (thermosetting resin) after the inside of the liquid crystal display cell 13 is completely 
satisfied with the liquid crystal 3, so that liquid crystal can be injected. 
[0007] 

[Problem to be solved by the Invention] As described above, the vacuum encapsulation 
method is to encapsulate liquid crystal by using differential pressure between interior of a 
chamber and inside of a liquid crystal panel. 

[0008] However, bubbles are left in a display region of a liquid crystal display device when 
the vacuuming is inadequate, and thus, the remaining bubbles cause a defective display and 
strongly affect productivity. 

[0009] Additionally, there is an enormous problem in a cost because of using a vacuum 
device. 

[0010] In addition, a liquid crystal encapsulation step takes so much time during a process for 
manufacturing the liquid crystal display device, depending largely on each condition of a size 
of the liquid crystal display device, a gap between glass substrates (a thickness of liquid 
crystal layer) and viscosity of the liquid crystal. 

[0011] Further, the vacuum encapsulation method has a problem of an inefficient response to 
growing in size of the liquid crystal display device and to making the liquid crystal fast 
response. 

[0012] For example, a probability that bubbles are left in the liquid crystal display device is 
increased and productivity due to the defective display is decreased, by making a screen larger 
(expanding the display region). In addition, a chamber is required to be larger as the liquid 
crystal display device is made larger, and therefore the time for drawing a vacuum needs to be 
longer and the manufacturing cost is increased. 

[0013] On the other hand, it is proposed that the gap between the glass substrates (the 
thickness of the liquid crystal layer) is reduced (narrowing the gap) as a means for solving the 
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problem in making the liquid crystal fast response. However, in the vacuum encapsulation 
method it takes longer time for deaeration, and spread and filling of the liquid crystal by 
narrowing the gap. 

[0014] Therefore, the method for injecting liquid crystal by the conventional vacuum 
encapsulation method has enormous problems for manufacturing the liquid crystal display 
device by not solving the decrease of productivity and the longer manufacturing time due to 
growing in size of the liquid crystal display device and narrowing the gap. 
[0015] Consequently, several liquid crystal encapsulation methods are proposed for solving 
the above problems of the vacuum liquid crystal encapsulation method. 

[0016] The following three liquid crystal encapsulation methods are taken for example, and 
each feature of the methods is described. 

[0017] Japanese Patent Application No. H9-347893 offers a method for encapsulating liquid 
crystal through an encapsulation jig by depressurizing only the inside of a liquid crystal 
display panel with the encapsulation jig installed. 

[0018] The method has an advantage that the time for the liquid crystal encapsulation step can 
be shortened compared to the conventional vacuum encapsulation method. However, still 
there is room for improvement in the remaining bubbles, the manufacturing time and the 
manufacturing cost, in view of making the screen larger or the gap narrower in the future. 
[0019] In addition, a publication of Japanese Patent Application Laid-Open No. 8-262461 
shows a method for encapsulating liquid crystal into a liquid crystal display device by drawing 
a vacuum from an deaerating outlet and by applying pressure from an inlet with the deaerating 
outlet and the inlet disposed at two comers located diametrically opposite each other of the 
liquid crystal display device. This method has an advantage that a vacuum chamber is not 
required, however it is still not established as an encapsulation method for a case of 
mass-producing because of a problem in the encapsulation time or the like. 
[0020] Additionally, there is a superposing method as another method than the above vacuum 
encapsulation method, and a liquid crystal encapsulation method by this method is described 
in a publication of Japanese Patent Application Laid-Open No. H6-194615. This is a method 
for encapsulating liquid crystal by gluing and fixing a pair of glass substrates with adhesive 
such as sealing agent after liquid crystal is dropped over either of glass substrates and an 



9 



Translation of JP 2001-133795 

opposing substrate is put thereover. This method is described in detail. A frame-shaped 
spacer is formed in a portion along the periphery of either of two glass substrates and further 
sealing agent is applied to the outside of the frame-shaped spacer. 

[0021] And liquid crystal is dropped over either substrate, and then the two substrates are 
superposed each other and the both substrates are glued and fixed by hardening the sealing 
agent, so that the liquid crystal is encapsulated. However, in this method bubbles are left 
inside of a panel because of no outlet for expelling the bubbles (a deaerating outlet) in the step 
of pressurizing the substrates superposed. 

[0022] In addition, in this method appropriate doses of liquid crystal must be dropped and 
high accuracy for dropping amount of the liquid crystal is required. When appropriate doses 
or more of liquid crystal are dropped, a surface of a liquid crystal panel or a manufacturing 
line jig may be contaminated by leaking the extra liquid crystal outside the liquid crystal panel 
from the entire periphery of the substrates in forming the liquid crystal display device. 
[0023] Consequently, it is an object of the invention to provide a liquid crystal display device 
having fewer remaining bubbles in a liquid crystal layer with high productivity. 
[0024] In addition, it is another object of the invention to provide a liquid crystal display 
device in which remaining bubbles are reduced in encapsulating liquid crystal and the time for 
encapsulating liquid crystal is shortened. 
[0025] 

[Means for Solving the Problem] The invention is characterized by the following structure in 
order to achieve the above objects. A liquid crystal display device having a pair of 
substrates; a group of electrodes which is formed in at least one of the pair of substrates; 
alignment films which are formed over each of the pair of substrates; and a liquid crystal layer 
which is interposed between the pair of substrates has sealing agent surrounding a display 
region which is formed by the group of electrodes over one of the substrates, openings which 
are disposed in four comers of the region surrounded by the sealing agent, and sealant for 
sealing each of the openings. Note that the above four corners mean substantive four corners 
for expelling remaining bubbles, but do not exactly mean vertexes of angles in the region 
surrounded by the sealing agent. The four corners include a region where the vertexes of 
angles are not included. Liquid crystal is dropped at a spot of the display region of one 
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substrate, the other substrate is put over the substrate, leaked liquid crystal from the openings 
is wiped off, and each of the openings can be sealed by sealant, by this structure. Thereby, a 
liquid crystal encapsulation step can be efficiently conducted in conjunction with a 
construction step of a liquid crystal display device. 

[0026] In addition, another feature of the invention is the following structure. A liquid 
crystal display device has a pair of substrates; a group of electrodes which is formed in at least 
one of the pair of substrates; alignment films which are formed over the pair of substrates; a 
liquid crystal layer which is interposed between the pair of substrates; sealing agent 
surrounding a display region which is formed by the group of electrodes over one of the pair 
of substrates; a wall-shaped spacer for dividing the display region into two or more regions; 
openings which are disposed in all of four corners of each region surrounded by the sealing 
agent and the wall-shaped spacer; and sealant for sealing each of the openings. In addition to 
enabling a liquid crystal encapsulation step in conjunction with a construction step of a liquid 
crystal display device to be conducted, this structure enables the time for encapsulating the 
liquid crystal to be shortened by dividing the display region and by conducting the liquid 
crystal encapsulation step in apposition. 

[0027] In addition, another feature of the invention is the following structure, further besides 
the first invention and the second structure, and besides the substructure in the means 1 or the 
means 2. This liquid crystal alignment is homogeneous alignment; a direction of the liquid 
crystal alignment is unparallel to a minor axis and a major axis of the substrate; and a width of 
a pair of diagonally opposing openings along almost the direction of the liquid crystal 
alignment is narrower than a width of another pair of openings. In addition to enabling a 
liquid crystal encapsulation step in conjunction with a construction step of a liquid crystal 
display device to be conducted, this structure enables the volume of ejected liquid crystal and 
expelled air from each of the openings disposed in four comers to be adjusted, and the 
reaching time of liquid crystal to the four comers to be controlled, so that the encapsulation 
step can be optimized. 

[0028] In addition, another feature of the invention is the following structure, further. A 
liquid crystal display device having a pair of substrates at least one of which is transparent; a 
group of electrodes which is formed in at least one of the pair of substrates; alignment films 
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which are formed over the pair of substrates; a liquid crystal layer which is interposed 
between the pair of substrates; sealing agent surrounding a display region which is formed by 
the group of electrodes over one of the substrates, in which a direction of liquid crystal 
alignment to be homogeneous alignment is parallel to a minor axis and a major axis of the 
substrate, has one opening which is formed at the center of one side perpendicular to the 
direction of the liquid crystal alignment in the region and openings which are disposed at the 
opposite ends of another side thereof, and sealant for sealing each of the openings. In 
addition to enabling a liquid crystal encapsulation step in conjunction with a construction step 
of a liquid crystal display device to be conducted, this structure enables the time for 
encapsulating liquid crystal to be shortened in a liquid crystal display device of an 
In-Plane-Switching drive system having a plurality of electric field directions. 
[0029] 

[Embodiment Mode of the Invention] Hereinafter, examples of the invention are described 
specifically with reference to the drawings. However, the invention should not be limited the 
following examples, of course. 

[0030] [Example 1] A liquid crystal display panel employed for this example is illustrated in 
FIG. 1. 

[0031] As for the liquid crystal display panel employed in this example, a size thereof is 270 
mm (substrate major axis) x 200 mm (substrate minor axis) and a thickness thereof is 1.1 mm, 
and a transparent glass substrate with a polished surface is employed for fabricating it. A 
diagonal of the display portion is 10.4 inch in size. 

[0032] Note that an equivalent circuit and a peripheral circuit in a display matrix portion are 
illustrated in FIG. 17, however, an electrode and the like are omitted in FIG. 1. 
[0033] A TN drive mode is adopted for the liquid crystal display device in this example and a 
transparent electrode (ITO) is adopted as a pixel electrode and an opposite electrode. As 
illustrated in FIG. 17, over a glass substrate 2, video signal 21 and scanning signal 22 lines are 
arranged in matrix and a thin film transistor (TFT) 26 and a pixel electrode 27 to be connected 
to the thin film transistor 26 are disposed in each pixel. An alignment film 6 for aligning 
liquid crystal is formed over the substrate having the electrode and the like. Note that 
polyimide is employed as the alignment film in this example. The substrate to which the 
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polyimide is applied with a printing machine is burned for 30 minutes, and a rubbing process 
is performed thereto by using a buff cloth of rayon with a rubbing machine (FS-55R, produced 
by FUJIOKA). The thickness of the alignment film is around 1000 A. 

[0034] Three-color RGB color filters 7 and black-matrixes 5 are arranged in stripe over a 
glass substrate 1 and overcoat resin (epoxy resin) 8 is formed thereover for planarization. 
[0035] In addition, opposite electrodes 28 illustrated in FIG. 17 are formed each integrating 
with an opposite voltage signal line over the overcoat resin 8. 

[0036] Next, an alignment film 6 for aligning liquid crystal was formed over the glass 
substrate 1 having the opposite electrodes 28 by the same method as formed over the glass 
substrate 2. 

[0037] In addition, in the glass substrate 1, columnar spacers 15 were formed over portions 
except pixel regions, that is, light-shielding portions of the black-matrixes (the black-matrixes, 
the color filters and the columnar spacers are omitted in FIG. 1(a)). A rubbing direction in 
superposing the both substrates is set in one direction. The columnar spacers each took a 
form of a square pole (FIG. 9(c)) in this example, however, a form such as a circular cylinder, 
an elliptic cylinder, a square pyramid, a hemisphere or an elliptic hemisphere may be taken, as 
illustrated in FIGs. 9(a) to 9(g). In addition, a gap (a thickness of a liquid crystal layer) 
between the glass substrates was 5.5{xm. Additionally, sealing agent (thermosetting resin) 9 
was applied to a periphery of the display region of the glass substrate 1 as illustrated in FIG. 
1(a) and each width of deaerating outlets 16 was 10 mm. And then, the substrate 2 was 
superposed over the substrate 1 of which liquid crystal 3 was dropped at a point in the display 
region, and pressure was applied thereto. 

[0038] Note that the result of an experiment showed that when liquid crystal was dropped at 
two or more points in the display region, bubbles were left by the boundary thereof. 
Therefore, this example showed that the bubbles by the boundary could be reduced when 
liquid crystal was dropped at only one point for one display region. 

[0039] In addition, the sealing agent 9 was hardened by irradiating only the substrates 
periphery with light so as to glue and fix the both substrates after liquid crystal was adequately 
spread between the substrates. Liquid crystal leaked from the deaerating outlets 16 in four 
comers was wiped away after the substrates were glued, and the deaerating outlets 16 were 
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sealed with sealant (thermosetting resin) 38, so that a liquid crystal display device illustrated 
in FIG. 2 was completed. Note that for example the thermosetting resin can be employed as 
a material of this sealant 38 disposed for encapsulating liquid crystal, shutting out air, and 
preventing deterioration of liquid crystal. 

[0040] A liquid crystal panel manufactured by this method is illustrated in FIG. 2. FIG. 2 
shows a structure for preventing liquid crystal 3 from leaking by disposing sealing agent 9 so 
as to surround a display region and by disposing sealant 38 in openings of sealing agent. 
[0041] In addition, a polarizing plate 10 is attached to a glass substrate. And thus, as 
illustrated in FIG. 17, a video signal driver circuit 23, a vertical scanning circuit 24, and a 
power circuit and a controller 25 are connected over a glass substrate 2 and a scanning signal 
voltage, a video signal voltage and a timing signal are applied so as to cause active matrix 
drive. 

[0042] And thus, this liquid crystal display panel was combined with a shielding case 30, a 
diffusing plate 31, a light guiding plate 32, a light reflector 33, a back light 34, a bottom case 
35 and a inverter circuit board 36 illustrated in FIG. 18, so that a liquid crystal display device 
37 was fabricated. 

[0043] In this example, no remaining bubbles were found inside the liquid crystal display 
device. In addition, it took around 50 minutes to encapsulate liquid crystal. 
[0044] Additionally, as a comparative example, in a panel (10.4 inch sizes, gap 5.5 fxm) having 
the same size and the same gap, liquid crystal was encapsulated by a vacuum encapsulation 
method, and it took 240 minutes to be required for the encapsulation. 

[0045] One of big advantages of this example is that a liquid crystal encapsulation step in 
conjunction with a construction step of a liquid crystal display device (gapping between glass 
substrates) can be conducted simultaneously because sealing agent is hardened after 
superposing substrates each other. That is the time can be remarkably shortened because a 
manufacturing step of a liquid crystal display device can be performed on one line as 
compared with by the vacuum encapsulation method in which a liquid crystal panel is taken 
off the line once. In addition, no bubble is left by disposing deaerating outlets, and a surface 
of a liquid crystal panel or a manufacturing line jig may be not contaminated seriously by 
leaking the extra liquid crystal outside the panel from the entire periphery of the substrates. 
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[0046] As described above, this example enables a liquid crystal display device having no 
remaining bubble inside a liquid crystal panel and a good display properties to be realized, and 
the liquid crystal display device with a lower manufacturing cost and with a shorter 
manufacturing time to be realized. 

[0047] [Example 2] Next, a second example according to the invention is described as follows 
with reference to FIG. 1 again. 

[0048] A basic structure of a liquid crystal display device except an electrode or the like is the 
same as that of the liquid crystal display device illustrated in FIG. 1. 

[0049] The differences in a liquid crystal display device of Example 2 from one of Example 1 
are that the display portion has a diagonal of 14.1 inches and a thickness of 0.7 mm, and that 
the drive system of the liquid crystal display device is an In-Plane-Switching drive system in 
which a display is created while an optical condition of liquid crystal is controlled by 
generating a electric field in an almost parallel direction to glass substrates. 
[0050] Note that a pixel electrode and an opposite electrode are constituted in tine-shaped 
inside of a pixel, which are long and thin electrodes. A metallic material with low electric 
remaining such as aluminum, copper or chromium may be adopted as a material for the 
electrode. In addition, a rubbing direction was set in one direction in the above and below 
substrates and out of angle with a minor axis direction of the substrates by 15° to the right. 
The gap between the glass substrates (a thickness of a liquid crystal layer) was 4.0fxm. 
Additionally, sealing agent (thermosetting resin) 9 was applied to a periphery of the display 
region of the glass substrate 1 as illustrated in FIG. 1(a) and each width of deaerating outlets 
16 was 10 mm. And then, the substrate 1 in which liquid crystal 3 was dropped at a point in 
the display region was superposed over the substrate 2, and pressure was applied thereto. 
[0051] Here as Example 1, when liquid crystal is dropped at two or more points in the display 
region, bubbles are left by the boundary thereof, and therefore, the bubbles by the boundary 
are reduced by dropping liquid crystal at only one point. 

[0052] In this example, no remaining bubble was found inside the liquid crystal display device. 
In addition, it took around 60 minutes to encapsulate liquid crystal. 

[0053] Additionally, as a comparative example, in a panel (14.1 inch sizes, gap 4.0 \xm) 
having the same size and the same gap, liquid crystal was encapsulated by a vacuum 
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encapsulation method, and it took 350 minutes to be required for the encapsulation. 

[0054] This example enables no remaining bubble inside a liquid crystal panel to be left and a 

lower manufacturing cost and a shorter manufacturing time to be realized. 

[0055] Examples 1 and 2 show that the new manufacturing system of a liquid crystal display 

device can be applied to the TN drive system and the In-Plane-Switching drive system and is 

not limited to a drive system and an electrode configuration. 

[0056] [Example 3] In this example 3, as illustrated in FIG. 3, a frame-shaped spacer 18 is 
formed in a periphery of a display region in the substrate 1 in conjunction with forming the 
columnar spacers 15 in the liquid crystal display device of the In-Plane-Switching drive 
system in Example 2. 

[0057] A structure in the case of this example is also that deaerating outlets 16 having a width 
of 10 mm are disposed in four comers of the frame-shaped spacer 18 and the sealing agent 9 is 
applied to each outer portion along the frame-shaped spacer 18. Thereafter, the liquid crystal 
3 is dropped over the substrate 1, the both substrates are superposed over each other, and the 
both substrates are glued and fixed by hardening the sealing agent 9. In this example, the 
liquid crystal 3 has no contact with the unhardened sealing agent 9 by disposing the 
frame-shaped spacer 18, and thus a problem of liquid crystal contamination due to the 
unhardened sealing agent is solved. 

[0058] In addition, cell-gap control due to the unhardened sealing agent is eked out by 
disposing the frame-shaped spacer 18 in the periphery, and the gap in the substrate periphery 
can be kept with high accuracy. 

[0059] In the liquid crystal display device manufactured in this example, the remaining 
bubbles were reduced and it took around 60 minutes to be required for the encapsulation as in 
Example 2, as enabled a lower manufacturing cost and a shorter manufacturing time to be 
realized. 

[0060] [Example 4] This example is described with reference to FIGs. 13 and 4. 
[0061] First, the following brief description is about spread of liquid crystal. Generally, the 
liquid crystal is spread extending elliptically as illustrated in FIG. 13, and the direction of an 
elliptical major axis thereof almost conforms with a rubbing direction 19. In addition, 
spreading speed of liquid crystal is the fastest in the rubbing direction 19 and the slowest in a 
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direction perpendicular to the rubbing direction. 

[0062] The each reaching time of liquid crystal to a side of sealing agent and to corners was 
staggered in a liquid crystal encapsulation step because the spreading speed of liquid crystal 
had dependence on rubbing direction, so that the extra time was required for completely 
spreading liquid crystal. 

[0063] In Example 4, the width of each deaerating outlet in the rubbing direction is made 
different from the width of each deaerating outlet in a direction perpendicular to the rubbing 
direction in order to cut waste of time by controlling the reaching time to each comer so as to 
reach simultaneously. This problem is solved, specifically by widening the width of the 
deaerating outlet in a direction perpendicular to the rubbing direction in which the spreading 
speed is slow, relative to the width of the deaerating outlet in a rubbing direction in which the 
spreading speed is fast. 

[0064] This makes it possible to adjust volume of expelled air and ejected liquid crystal from 
each of the openings. That is, each spreading speed of liquid crystal in a periphery of each 
opening is controlled, and the reaching time of liquid crystal to each comer is controlled, so 
that the each reaching time of liquid crystal to comers in regions can be made almost the 
same. 

[0065] The same reaching time enables the volume of leaked liquid crystal from the four 
comers to be kept at a minimum, and no bubble is left in the display region because the 
bubbles are expelled from the deaerating outlets. 

[0066] The deaerating outlets 16 are disposed in four comers of each region, and the sealing 
agent 9 is applied so as to make the width of a pair of deaerating outlets 16b in almost the 
rubbing direction 19 narrower than the width of another pair of deaerating outlets 16a (a = 10 
mm, b = 5 mm). As in Example 1, liquid crystal is dropped to a central portion of the region 
and an opposite substrate is superposed thereover, and then that is glued and fixed by the 
sealing agent 9 (thermosetting resin). Thereafter, the leaked liquid crystal from the 
deaerating outlets 16 is wiped off and the deaerating outlets 16 are sealed by sealant, and thus 
a liquid crystal display panel is completed. 

[0067] The each reaching time of liquid crystal to each deaerating outlet was almost the same, 
and liquid crystal could be efficiently encapsulated with the volume of leaked liquid crystal 
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kept at a minimum, and in addition, no bubble was left in the display region. 

[0068] Note that in this example the frame-shaped spacer 18 can be formed in the periphery of 

the display region, as in Example 3. 

[0069] [Example 5] Example 5 is described with reference to FIG. 5. In Example 5, 
wall-shaped spacers 17 for dividing the display region into three regions are formed in 
conjunction with forming the columnar spacers 15 over the substrate 1, and openings are 
disposed in four corners of each region, in the TN driving liquid crystal display device in 
Example 1. 

[0070] First, the wall-shaped spacers 17 are* disposed over portions except pixel regions, that 
is, light-shielding portions of the black-matrixes 5. Thereafter, the sealing agent 9 is applied 
to the circumferential portion of the display region in the substrate 1 so that the each width of 
the deaerating outlets 16 of four corners in each region is made 10 mm, and the liquid crystal 
3 is dropped at a point in a central portion of each divided portion. Here as in Example 1, 
when liquid crystal is dropped at two or more points in one region, bubbles are left by the 
boundary thereof, and therefore, liquid crystal is required to be dropped at only one point for 
one divided region. 

[0071] In addition, when the region to be divided by the wall-shaped spacers is not completely 
divided in the display region because the wall-shaped spacers are shorter, boundaries of liquid 
crystal dropped to each region overlap each other inside of the display region, as may cause 
the remaining bubbles. Therefore, for obviously marking the boundary between the regions, 
end points of the wall-shaped spacers are required to reach a boundary of a region surrounded 
by the sealing agent or a frame-shaped spacer to be described, and the wall-shaped spacers 
preferably come through the region surrounded by the sealing agent 9. 

[0072] And then, the substrate 2 superposing thereover is pressurizing, and the sealing agent 9 
(thermosetting resin) is hardened so as to glue and fix the both substrates, and the leaked 
liquid crystal from the deaerating outlets 16 is wiped off, and thus, the deaerating outlets 16 
are sealed by sealant, so that a liquid crystal display panel is completed. It took 25 minutes 
to encapsulate liquid crystal. No remaining bubble was left in the display region. The 
divided display region enables the encapsulation time to be shortened further and enables a 
sufficient response to growing in size of the liquid crystal display device and narrowing the 
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gap to be made. In this example, the number of the divided portions were three; however, a 
detailed condition such as the number or the figuration of the divided portions may be 
optimized depending on the size of the display region, a rubbing condition, or the like, which 
is not limited to this example. 

[0073] This example shows a lower manufacturing cost and a shorter manufacturing time can 
be realized because the injection treatments can be simultaneously carried out by dividing a 
display portion even in the case of an enlarged display portion. 

[0074] [Example 6] A schematic view of a liquid crystal display device in Example 6 is 
illustrated in FIG. 6. 

[0075] A structure of the liquid crystal device in Example 5 is that the frame-shaped spacer 18 

described in Example 3 is formed in a periphery portion of a display region. 

[0076] Thereafter, the liquid crystal 3 was dropped to a central portion of each region and an 

opposite substrate was superposed thereover, so that a liquid crystal display device was 

fabricated. It took 30 minutes to encapsulate liquid crystal, and no remaining bubble was 

seen. 

[0077] [Example 7] Example 7 is described with reference to FIG. 7. The wall-shaped 
spacers for dividing the display region are formed and the deaerating outlets 16 are disposed 
in four comers of each region, in the liquid crystal display device of the In-Plane-Switching 
drive system in Example 2. The homogeneous alignment is adopted as the liquid crystal 
alignment. 

[0078] In FIG. 7(a), as in Example 4, the sealing agent 9 was applied in each region so as to 
make the width of a pair of deaerating outlets in the rubbing direction 19 narrower than the 
width of another pair of deaerating outlets (a = 10 mm, b = 5 mm). The width ratio was set 
2 : 1 in this example; however, the ratio can be optimized depending on the shape of each 
region. 

[0079] And as in Example 5, liquid crystal was dropped to a central portion of the region and 
the opposite substrate was superposed thereover, and thereafter that was glued and fixed by 
the sealing agent 9 (thermosetting resin), and the leaked liquid crystal from the deaerating 
outlets 16 was wiped off, and thus, the deaerating outlets 16 were sealed by sealant, so that a 
liquid crystal display panel was completed. 
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[0080] The each reaching time of liquid crystal to each deaerating outlet was almost the same, 
and liquid crystal can be efficiently encapsulated with the amount of leaked liquid crystal kept 
at a minimum, and in addition, no bubble is left in the display region. 

[0081] The point of this example is that the lower manufacturing cost and the shorter 
manufacturing time can be realized by changing the each width of openings disposed in the 
four corners of each region in consideration of the dubbing direction to adjust and optimize 
the volume of ejected liquid crystal and the encapsulation time thereof. 

[0082] Note that in this example, as in Example 6, the frame-shaped spacer 18 can be formed 
in the periphery of the display region. 

[0083] [Example 8] A structure illustrated in FIG. 7(b) is adopted in Example 8. 
[0084] In this example, the wall-shaped spacers for dividing the display region were formed 
and the deaerating outlets were disposed in only two comers in a direction almost 
perpendicular to the rubbing direction 19, and the sealing agent 9 was applied so as to make 
each width of the deaeration outlets 10 mm, in the liquid crystal display device of the 
In-Plane-Switching drive system as in Example 7. 

[0085] As in Example 5, liquid crystal was dropped to a central portion of the each region and 
an opposite substrate was superposed thereover, and thereafter that was glued and fixed by 
hardening the sealing agent 9 (thermosetting resin), and the leaked liquid crystal from the 
deaerating outlets 16 was wiped off, and thus, the deaerating outlets 16 were sealed by sealant, 
so that a liquid crystal display panel was completed. 

[0086] It took 30 minutes to encapsulate liquid crystal. No bubble was left in the display 
region. 

[0087] This is an example of making the openings to be small in Example 7 as small as 
possible. 

[0088] Note that in this example, as in Example 6, the frame-shaped spacer 18 can be formed 
in the periphery of the display region. 

[0089] [Example 9] Example 9 is described with reference to FIG. 7(c). 

[0090] In Example 9, the electrode structure of each pixel illustrated in FIG. 19 is adopted in 
the liquid crystal display device of the In-Plane-Switching drive system in Example 2. The 
each angle of an inflection in a pixel electrode 27 and an opposite electrode 28 was the same, 
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which was 170°. A rubbing direction was parallel to a minor axis of a substrate, t In a liquid 
crystal display device with a structure of such electrodes, liquid crystal molecules are oriented 
to one direction in early alignment. However, a plurality of electric field directions is 
generated when the electric field is applied to the liquid crystal molecules, so that a liquid 
crystal display device with less dependence on a viewing angle can be obtained. 
[0091] In addition, the wall-shaped spacers for dividing the display region were formed and 
the deaerating outlets 16 were disposed in four corners as illustrated in FIG. 7(c), and the 
sealing agent 9 was applied so as to make each width of all the deaerating outlets the same 
(a=b=10 mm). It is most efficient that the each width of the openings at this time is made the 
same, since the each reaching time of liquid crystal to each comer is equal because the 
rubbing direction is parallel to a minor axis of a substrate in this example. The reason is that 
the rubbing direction is closely related to the each width of the openings. 
[0092] Liquid crystal is dropped to a central portion of the each region and the opposite 
substrate is superposed, and thereafter it is glued by the sealing agent 9 (thermosetting resin), 
and the leaked liquid crystal from the deaerating outlets 16 is wiped off, and thus, the 
deaerating outlets 16 are sealed by sealant, so that a liquid crystal display panel is completed. 
[0093] It takes 30 minutes to encapsulate liquid crystal. 

[0094] The each reaching time of liquid crystal to comers is almost the same and the leaked 
liquid crystal can be kept at a minimum by making the all width of the deaerating outlets same 
because the rubbing direction is parallel to the minor axis of the substrate. In addition, no 
bubble is left. 

[0095] Note that also in this example, as in Example 6, the frame-shaped spacers 18 can be 
formed in the periphery of the liquid crystal. 

[0096] [Example 10] In Example 7, wall-shaped spacers 17 were formed into a mountain 
shape as illustrated in FIG. 8, and then a liquid crystal display device was fabricated as in 
Example 7. 

[0097] The time for liquid crystal encapsulation was not taken any more than in Example 7. 
However, the contrast ratio of the liquid crystal display device was 300. 

[0098] The contrast ratio of the liquid crystal display device obtained in Example 7 was 250, 
and thus, the liquid crystal display device obtained in this example had higher contrast ratio. 
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[0099] The enhanced contrast results from reducing steric hindrance by shaping the 
wall-shaped spacers 17 into a mountain shape so as to prevent misalignment because of the 
stream of cloth nap and from causing no leaked light in the periphery of the walls, as enables a 
liquid crystal display device with higher contrast ratio to be fabricated. 

[0100] Note that this example can be applied to all examples in which a wall-shaped spacer is 
adopted as a constituent, without being limited to Example 7. 
[0101] [Example 11] Example 11 is described with reference to FIG. 10. 
[0102] In Examples 1 to 10, a liquid crystal display panel was completed by the step where 
liquid crystal was dropped over one glass substrate and the opposite substrate was superposed 
thereover, and thereafter that was glued by the sealing agent 9 (thermosetting resin), and the 
leaked liquid crystal from the deaerating outlets 16 was wiped off, and thus, the deaerating 
outlets 16 were sealed by sealant. However, in view of the structure according to the 
invention, a step, such as a vacuum encapsulation method, of injecting liquid crystal after 
fabricating a vacant cell can be applied too. An example by the method is described below. 
[0103] In the TN driving liquid crystal display device in Example 1, a vacant cell is fabricated 
before encapsulating liquid crystal, and liquid crystal is filled by expelling air inside of the 
liquid crystal display device from three deaerating outlets 16a in conjunction with pressurizing 
and injecting liquid crystal from an inlet 16b which is the other one of four deaerating outlets, 
and thereafter, sealing is carried out by sealant 38, so that a liquid crystal display device 
illustrated in FIG. 2 is completed. It took 120 minutes to encapsulate liquid crystal in this 
example. In addition, no bubble was left in the liquid crystal display device. 
[0104] The point of this example is that liquid crystal can be efficiently encapsulated at a fast 
liquid crystal spreading speed because of expelling air from three corners where bubbles are 
likely to be left in conjunction with pressurizing and injecting liquid crystal from one place. 
[0105] [Example 12] A schematic view of a liquid crystal display device in Example 12 is 
shown in FIG. 11(a). 

[0106] In the In-Plane-Switching driving liquid crystal display device in Example 4, a vacant 
cell is fabricated before encapsulating liquid crystal. An inlet 16b is disposed in a comer in a 
direction almost perpendicular to the rubbing direction 19 among four deaerating outlets. 
Liquid crystal is completely spread in the cell by expelling air inside of the liquid crystal 
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display device from deaerating outlets 16a and by injecting liquid crystal from the inlet 16b 
while pressurizing the same, and thus, the deaerating outlets 16a and the inlet 16b are sealed 
by sealant, so that a liquid crystal display device is completed. 

[0107] It took 145 minutes to encapsulate liquid crystal in this example, and no bubble was 
left inside of the liquid crystal cell. 

[0108] In addition, when the liquid crystal encapsulation was similarly carried out in the liquid 
crystal display device illustrated in FIG. 11(b), it took 180 minutes to be required for the 
encapsulation. 

[0109] [Example 13] In Example 13, a rubbing process was carried out in parallel to a minor 
axis of a substrate, and an inlet 16b was disposed in a central portion of either parallel side to 
the minor axis of the substrate and deaerating outlets 16a were disposed at the opposite ends 
of another side thereof, in an In-Plane-Switching driving liquid crystal display device having 
such an electrode structure as illustrated in FIG. 19 in each pixel as illustrated in FIG. 11(c), as 
in Example 9. 

[0110] Liquid crystal was injected from the inlet 16b by pressurizing thereto in conjunction 
with expelling air inside of the display device from the deaerating outlets 16a, after fabricating 
a vacant cell. It took 160 minutes to encapsulate liquid crystal, and no bubble was left in the 
liquid crystal display device. 

[0111] The point of this example is that the reaching time of liquid crystal to four comers is 
shortened by injecting liquid crystal from the inlet 16b in a perpendicular side to the rubbing 
direction. 

[Example 14] A schematic view of a liquid crystal display device in Example 14 is shown in 
FIG. 12(a). 

[0112] A vacant cell having the same structure as in Example 7 was fabricated before 
encapsulating liquid crystal, and liquid crystal was injected from an inlet 16b which was one 
deaerating outlet in a direction perpendicular to a liquid crystal alignment direction among 
four deaerating outlets in each region. It took 50 minutes to encapsulate liquid crystal. And 
no remaining bubble was seen. 

[0113] In addition, when liquid crystal encapsulation was carried out in the liquid crystal 
display device illustrated in FIG. 12(b) having the same structure as in Example 8, it took 60 
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minutes to be required for the encapsulation. 

[0114] The point of this example is that the reaching time of liquid crystal to four corners can 
be optimized by expelling air from 16a in conjunction with injecting liquid crystal from the 
inlet 16b in a direction perpendicular to a rubbing direction, and the encapsulation time can be 
shortened by injecting liquid crystal simultaneously due to dividing a display region by 
wall-shaped spacers, 

[0115] [Example 15] In Example 15, as illustrated in FIG. 12(c), the electrode structure 
illustrated in FIG. 19 was formed over a glass substrate similarly to Example 9. In addition, 
a rubbing process was carried out in parallel to a minor axis of the substrate, and deaerating 
outlets 16a and an inlet 16b were disposed. Air inside of a liquid crystal display device was 
expelled from the deaerating outlets 16a and liquid crystal was injected from the inlet 16b 
while pressurizing thereto. It took 55 minutes to encapsulate liquid crystal in this example. 
In addition, no remaining bubble was seen. 

[0116] [Example 16] In Example 16, a photo-alignment polyimide film for controlling 
alignment of a liquid crystal layer by irradiation with light was employed to the alignment 
film 6 of the liquid crystal display device in Example 2. 

[0117] Polyamic acid was synthesized by mixture of equal parts of acid anhydride (3, 3', 4, 
4 f -benzophenone tetracarboxylic dianhydride) including a benzophenone constituent shown in 
the chemical formula 1 and diamine (bis (3, 5-diethyl, 4-amino) phenyl methane) shown in the 
chemical formula 2, and thus, a light response cross-linking type alignment film was formed 
over glass substrates 1 and 2 by burning. Thereafter, a liner polarization was emitted to the 
alignment films 6 of above and below substrates through a polarizing plate with a 
high-pressure mercury lamp as a light source. 

[0118] In case of adopting this alignment film, an alignment restraining force is generated in a 
direction perpendicular to the emitted liner polarization, so that homogeneous alignment is 
obtained. Thereafter, a liquid crystal display device was fabricated similarly to Example 2. 
It took 60 minutes to encapsulate liquid crystal in this example. 

[0119] Note that this example can be applied to all examples without being limited to the 

liquid crystal display device in Example 2 which was adopted in this example. 

[0120] 
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[Chemical Formula 1] 
[0121] 

[Chemical Formula 2] 

[0122] [Comparative Example 1] In Example 2, sealing agent was applied to the periphery of 
a display region so as not to dispose a deaerating outlet in four corners as illustrated in FIG. 14, 
and a liquid crystal display device was fabricated by a superposition method. It took 60 
minutes to encapsulate liquid crystal. 

[0123] The encapsulation time could be shortened in comparison with the conventional 
vacuum encapsulation method (the encapsulation time was 350 minutes). However, bubbles 
were left inside of the liquid crystal display region because there was no deaerating outlet. 
[0124] The problem of remaining bubbles in the conventional liquid crystal encapsulation 
method can be solved by applying the sealing agent so as to dispose the deaerating outlet the 
periphery of the display region over the substrate of the liquid crystal display device. 
[0125] Additionally, the time can be shortened, because liquid crystal injection treatments can 
be simultaneously carried out by dividing the liquid crystal display region with a wall-shaped 
spacer, so that the time for the liquid crystal encapsulation step which accounts for a major 
part of the time in the current manufacturing step can be shortened. 

[0126] These enable to effectively respond to narrowing a gap with growing in size of the 
liquid crystal display device and with fast responding and enable production efficiency such as 
a lower manufacturing cost or an improved production speed to be increased. 
[Effect of the Invention] The invention enables a highly productive liquid crystal display 
device with reduced bubbles in a liquid crystal layer inside of the liquid crystal display device 
to be realized. 

[Brief Description of the Drawings] 

FIG. 1 is a schematic view of each liquid crystal display device in Examples 1 and 2. 

FIG. 2 is a diagram of a condition in which liquid crystal is encapsulated in Examples 1 and 2. 

FIG. 3 is a schematic view of a liquid crystal display device in Example 3. 

FIG. 4 is a schematic view of a liquid crystal display device in Example 4. 

FIG. 5 is a schematic view of a liquid crystal display device in Example 5. 

FIG. 6 is a schematic view of a liquid crystal display device in Example 6. 
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FIG. 7 is a schematic view of each liquid crystal display device in Examples 7 to 9. 
FIG. 8 shows a liquid crystal display device (a sectional view) in Example 10. 
FIG. 9 shows a form of each columnar spacer (upper: a view seen from a direction 
perpendicular to a substrate face, lower: a view seen from a side face). 
FIG. 10 is a schematic view of a liquid crystal display device in Example 11. 
FIG. 11 is a schematic view of each liquid crystal display device in Examples 12 and 13. 
FIG. 12 is a schematic view of each liquid crystal display device in Examples 14 and 15. 
FIG. 13 shows a condition of maceration in liquid crystal inside of a liquid crystal display 
device. 

FIG. 14 is a schematic view of a liquid crystal display device in the comparative Example 1. 
FIG. 15 is a sectional view of a liquid crystal display device. 
FIG. 16 is a schematic view of a vacuum encapsulation method. 

FIG. 17 shows an equivalent circuit and a peripheral circuit of a display matrix portion. 
FIG. 18 is an exploded perspective view of a liquid crystal display device. 
FIG. 19 is a schematic view of an electrode structure in Examples 9, 13 and 15. 
[Description of Symbols] 

1, 2...glass substrate, 3...1iquid crystal, 4...spacer bead, 5... black-matrix, 6.. .alignment film, 

7.. .color filter, 8.. .overcoat resin, 9. ..sealing agent, 10.. .polarizing plate, 11. ..vacuum chamber, 

12...inlet of liquid crystal, 13. ..liquid crystal display, 14.. .liquid crystal plate, 

15... columnar spacer, 16...opening (16a...deaerating outlet, 16b...inlet), 

17...wall-shaped spacer, 18... frame-shaped spacer, 19...rubbing direction, 20.. .liquid crystal, 

21. ..video signal line, 22.. .scanning signal line, 23. ..video signal driver circuit, 

24...vertical scanning circuit, 25...power circuit and controller, 26...thin film transistor (TFT), 

27.. .pixel electrode, 28.. .opposite electrode, 29.. .liquid crystal display panel, 

30...shielding case, 31... diffusing plate, 32...a light guiding plate, 33...1ight reflector, 

34...back light, 35. ..bottom case, 36...inverter circuit board, 37.. .liquid crystal display device, 

38... sealant 
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